INTRODUCTION
The majority of permanent plot studies have been restricted to one vegetation type, and either to study natural succession or to evaluate the impact of particular disturbances (e.g. management type, fire event etc.) (Willems et al., 1981; Bakker et al., 1996; Block et al., 2001; Smits et al., 2002) . Data on simultaneous monitoring of vegetation dynamics in several vegetation types is rare in the scientific literature (Smits et al., 2002; Ozinga et al., 2007; Kuiters, 2013) . However, such data can provide important insights into the mechanisms of vegetation dynamics in relation to vegetation structure and patterns.
Fluctuation is a process of continuous changes in the community and appears as a mosaic pattern (e.g. temporal changes in dominant species) but not affecting the community as a whole (there is no development from one to another community). Succession is a process of vegetation development in the course of time leading to change from one to another community. They are directional changes, and can be progressive or retrogressive succession leading to more or less complicated vegetation (van der Maarel, 1988; Laska, 2001) . During succession new species enter a community and become dominant or diagnostic. In fluctuation dominant species do not change and new species entering community do not become diagnostic (Glenn-Lewin and van der Maarel, 1992) . The border between fluctuation and succession is arbitrary. Although usually natural succession is observable in time periods not less than several decades (Glenn-Lewin and van der Maarel, 1992; Kollmann and Rasmussen, 2012) non-forest vegetation can experience rapid successional changes (Süss et al., 2010; Ketner-Oostra et al., 2012) , and forest vegetation can regenerate from natural disturbances skipping one or more steps of succession (Heinrichs et al., 2011) .
Species turnover, species richness and vegetation structure (in terms of change in dominant species and species composition) are the most frequently used parameters to highlight PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 68 (2014 ), No. 1/2 (688/689), pp. 68-79. DOI: 10.2478 /prolas-2014 
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Solvita Rûsiòa* # , Ìertrûde Gavrilova**, Ieva Roze**, and Viesturs Ðulcs** the succession process (Glenn-Lewin and van der Maarel, 1992; Grime, 2002) . The majority of papers dealing with species turnover focus on the spatial aspect (beta diversity) of the phenomenon (see a review in Rosenzweig, 1995; Gaston et al., 2007) . Temporal species turnover has been studied less but it is essential to understand the processes and patterns of species distribution and dynamics. Temporal species turnover can be reflected by species-time relationships. It is documented that more diverse ecosystems are more stable in time (Shurin, 2007) . It depends on environmental variability and ecosystem type, and in this respect, the importance of long-term spatially comprehensive data from a broad range of ecosystems has been stressed in recent publications (Adler, 2004; White et al., 2006; Magurran, 2007; Shurin, 2007; Magurran et al., 2010) .
The aim of the present research was to determine the patterns of vegetation development, species turnover and species-time relationship across different habitats.
MATERIAL AND METHODS
Study site. In Latvia, simultaneous monitoring of several vegetation types has been carried out in the ILTER monitoring station of the Lake Engure Nature Park (Melecis, 2011) . This area, nationally protected since 1957, is located in western Latvia and is a unique nature area at national scale from the viewpoint of biodiversity (Vîksne, 1997; Auniòð et al., 2000; Gavrilova and Baroniòa, 2000; Laime, 2000) and physical geography (Eberhards and Saltupe, 2000) . Lake Engure is located in the western part of the Coastal Lowland of Latvia and is separated from the Gulf of Riga by a 1.5-to 2-km wide dune strip. The climate is relatively mild and moist in the region. The average temperature is +5.7 o C (the coldest month is February -minus 3.9 o C, the warmest is July with +16.7 o C). The last spring frosts are usually observed around May 23. The average annual precipitation is 590 mm. The vegetation period extends for about 180 days (Kïaviòð et al., 2011) .
The long history of protection has ensured the relatively undisturbed development of vegetation over the last 60 years both in forest and non-forest habitats. The Nature Park (terrestrial part covers 128 km 2 ) contains 856 vascular plant species, which is by 220 more species than would be expected from the average number per 128 km 2 according to the species-area relationship for Latvia (Laiviòð and Gavrilova, 2009 ). The area is little affected by plant invasions, most probably because large areas of natural and seminatural habitats remain (Gavrilova et al., 2011) . Among terrestrial ecosystems the largest areas are covered with dry to wet pine forests. Luxurious reed stands surround the lake, and calcareous fens and wet grasslands occur from place to place. Beach communities are common along the Riga Gulf shore. In 1842, the canal connecting the lake and the Riga Gulf was created. It led to overall lowering of the groundwater table near the lake and creation of wetlands along the shore (water receded for about 500 to 800 m). Until the first half of the 20 th century, agricultural activities in the area were mainly mowing and grazing in wet grasslands and even in the shallowest parts of the lake (Vîksne, 1997) . Since the 1970s, the grasslands were mostly abandoned due to the nature protection paradigms at the time and a negative attitude of the Soviet government to private farming activities.
Vegetation monitoring. In total, 14 monitoring stations were established. The starting goal of the vegetation monitoring was to provide long-term vegetation data for entomological monitoring. Therefore, the selected location of each station was based on the needs of entomological monitoring. The aim was to cover the diversity of habitats of the Nature Park (Melecis et al., 2000) . Seven habitats were chosen in the spit of land dividing the lake from the Gulf of Riga, where the heterogeneous geomorphology (dune relief) and lowering of the water level in the Engure Lake created high vegetation diversity. Other stations were located on the other side of the lake in the drained lake bottom zone where a water body existed until 1840. For several reasons (e.g. problems in reallocation of plots or difficult access) only nine habitats were monitored each year and without interruption. Only data from those habitats were used in the present analysis (Fig. 1) . 25% of the total indigenous vascular plant species of the Nature Park (Gavrilova and Baroniòa, 2000) were recorded in nine monitoring plots during the 12 year period. Fig. 1 . Location of vegetation monitoring stations in the Lake Engure Nature Park. Stations used in the present study: 1 -acidic grassland, 2 -dune slack, 3 -moist forest, 4 -dune forest, 5 -beach, 6 -coastal grassland, 7 -fen, 8 -dry forest, 9 -mesic forest.
Vegetation monitoring was carried out from 1997 to 2008 in the last week of June and first half of July by the same researchers in each of the sampling years. The size of a plot was 4 m 2 (2 × 2 m). Three pseudoreplicates were established in each monitoring station with a distance of 3 m between each plot. Plots were located in homogeneous parts of vegetation. All four corners were marked by wooden sticks to locate the plot each year. In addition, the closest large trees or other stable elements in the landscape were marked to relocate a plot if the sticks were lost (which was the case in several years in the beach habitat). Four sets of plots were established in forest vegetation (one moist and three dry-mesic pine forest sites, respectively), two plots were monitored in rich calcareous fens (one of them in a dune slack), one plot was established in a moist coastal grassland, one in a beach habitat with perennial herb vegetation, and one in acidic poor grassland (Table 1) . Vascular plant species cover was estimated in percentages. Table 1 shows the assignment of monitoring site vegetation to the class and the alliance of phytosociological classification which was based on previous studies (Gavrilova et al., 2011) . Names of syntaxa follow the classification scheme of European vegetation by Rodwell et al. (2003) plot represented an area of 12 m 2 . Species diversity expressed as species richness and Shannon-Wiener diversity index (Kent and Coker, 1994) . S¸rensen similarity index was used to calculate similarity between the first year with each subsequent observation year.
Temporal species turnover was defined as a difference in species composition between two records in time. We measured species turnover for each possible pair of 12 years as a number of disappearances plus number of appearances divided by total number of species per both compared years (Milberg and Hansson, 1993; Pärtel and Zobel, 1995; Russell, 1998 ). The total species accumulation was determined as the difference between species richness in the first year of monitoring and cumulative species richness in the last year (van der Maarel and Sykes, 1993) . Spearman rank correlation was used to correlate species diversity parameters and time (years). Analyses were conducted using SPSS 11.5.
Species-time relationships (STR) were constructed using a sliding window approach (White et al., 2006; White and Gilchrist, 2007) . Species richness was determined for every possible window of each time span: 12-year window, 11-year window, 10-year window etc. We averaged these values within each time span.
Then we used a power function to construct the speciestime relationship in the form S = cT w , where the constant c is the observed species richness at one year time-scale, and w is the slope of the STR.
The power function is recommended as more appropriate than the logarithmic function for comparing different ecosystems. This is because the power function suggests a constant percentage increase in species richness with each multiplicative increase in time scale, but the logarithmic function implies a constant absolute increase (see White et al., 2006 for detailed comparison of power and logarithmic function for STR).
As no replicates were available for each habitat type, we could not use any tests to compare power function speciestime relationships. Nevertheless, the comparative analysis of obtained species-time relationships provided insight into specific patterns of species turnover in time. Also, we were able to compare our results with other data, in the same way as e.g. White et al., 2006 compared species-time relationships among different habitats without using tests.
An indirect ordination method Detrended Correspondence Analysis (McCune and Grace, 2002) was applied to study the variation in species composition among years. The software PcORD 5 was used (McCune and Mefford, 1999) . The square-root transformation of species cover percentages and downweighting of rare species was applied. An after-thefact coefficient of determination was calculated to characterize the quality of the data reduction, using the Euclidean distance in the ordination space and the Relative Euclidean distance in the original multidimensional space (McCune and Grace, 2002) . Environmental factors were passively plotted based on Ellenberg indicator values, and values were calculated (Ellenberg et al., 1992) .
Nomenclature followed Gavrilova and Ðulcs (1999) . We used taxa from the same genus not determined to species level in data analysis, but merged them into one taxon, e.g. all specimens of the genus Agrostis were not determined to species level, and thus species from different years were merged into one taxon of Agrostis species.
RESULTS
Vegetation dynamics. Detrended Correspondence Analysis was used to reveal the main ecological gradients underlying the diversity of monitored habitats. Only the two first axes were interpreted as they accounted for the most of the variance. The after-the-fact evaluation of the DCA-ordination showed that 37% of the variance in the dataset was explained by axis 1, 18% by axis 2 and 10% by axis 3. Total inertia was 4.85, gradient length for axis 1 was 6.8 SD, Axis 2 -5.2 SD, Axis 3 -2.9 SD). The most important ecological gradient was moisture along the first axis and nutrients along the second axis. Relevés of each habitat consistently formed distinct clusters (Fig. 2) .
As the habitats were strongly different, further analysis of vegetation dynamics was carried out separately for each habitat. Ordination of data from all years in DCA and passive correlation of Ellenberg indicator values and ordination axes were used to reveal if there were directional changes in vegetation (Tables 2 and 3 ; ordination diagrams not shown).
Results of the DCA ordination indicated that the strongest changes in species composition occurred in the beach community. The gradient length of the first axis was 1.85, meaning that at least a half of changes in species composition had taken place during 12 years (Table 2 ). Other habitats had a gradient length from 0.75 to 1.28. Fen habitat experienced fluctuations in some species abundances from year to year (e.g. Menyanthes trifoliata fluctuated from 1% to 17% in cover) but there were no strong environmental gradients associated with the course of time (Table 3) (Table 3) .
The cumulative species richness of the mesic forest herb layer was only ten species. Nevertheless, some strong changes in species cover were observed. Vaccinium myrtillus increased twice (from 37 to 67 %) but Empetrum nigrum decreased from 35 to 5%. These changes as well as disappearance of Pinus sylvestris seedlings from the herb layer indicated decreased light conditions due to expansion of Vaccinium. (Table 4) indicated that all habitats with the exception of dry forest experienced environmental changes. Light availability decreased in four habitats, moisture decreased in three, and increased in one habitat, acidification was indicated in two habitats, and eutrophication of soil in one habitat. Species diversity parameters changed in all habitats but acidic grassland, moist forest, and dry forest (Table 4) .
Correlations of Ellenberg indicator values and species diversity parameters with time
To describe the intensity of vegetation changes over 12 years, S¸rensen dissimilarity index was calculated for 12 year observations and a mean index was obtained within each habitat. The most dynamic habitat was the beach, and the most stable habitat was the dune forest ( comparison between the first observation year and each subsequent year showed that some habitats changed substantially (Fig. 3) .
Species diversity, turnover and species-time relationship. Species richness in the herb layer differed considerably among habitat types, ranging from 3 (dune forest) to 26 (coastal grassland) species per 4 m 2 plot in 1997. Combined plots (3 replicates of 2 × 2 m) contained more species ranging from 6 (dune forest) to 40 (coastal grassland). Species richness decreased significantly only on beach, but a significant decrease in species diversity (Shannon-Wiener index) was observed in dune forest and mesic forest. Species richness increased continuously in dune slack, fen, and coastal grassland. Other habitats experienced fluctuations in species richness and Shannon-Wiener diversity index (Table 6 ).
Cumulative species richness did not differ from the actual species richness in mesic forest and dune forest because only one new species appeared in these habitats during 12 years (Listera cordata and Pinus sylvestris, respectively). Other habitats experienced considerable divergence between number of species in the first year and cumulative species richness (total number of species in monitoring period), indicating that species immigration was intensive over 12 years (Table 7 ). The accumulation of species ranged from 1 species in dune forest and mesic forest to 36 species in coastal grassland. When expressed in percentages, cumulative species richness increased from 11% in dune forest to 147% in beach. Moreover, species appearance was not accompanied by species loss in fen and moist forest in the first three-four years, resulting in diversification of the herb layer of these habitats.
The highest species turnover was observed in the beach community, where it reached up to 70% (if compared the first with the last year). Rather high species turnover (up to 50-60%) was observed also in moist and mesic forest, and in both grassland habitats. Less dynamic species composition was found in dune slack, fen, dune forest and dry forest -turnover reached only 40-50%. Acidic grassland, dune slack and coastal grassland showed a similar course of species turnover. The same was true for acidic grassland and moist forest. Moist forest was similar also to fen, and dune forest and mesic forest did not differ. The amplitude of turnover was low in moist forest and both grassland habitats. A higher amplitude of change was observed in dune slack, fen and dry forest where species turnover changed between 20 and 30%, but in beach and mesic forest, turnover in the same time period for individual pairs differed between 0% and 50% or even 68% (on beach) (Fig. 4) .
Species-time relationships were quite different between habitats (Fig. 5) . The power function exponent ranged from 0.07 to 0.41. The steepest slope (z = 0.41) was observed on beach, followed by coastal grassland and dune slack (0.23 and 0.22, respectively). A low slope was shown in mesic and dune forest (0.07 and 0.08); other habitats were characterised by exponents from 0.11 to 0.16. 
DISCUSSION
Species diversity, temporal turnover and species-time relationship. Species richness did not change significantly in most habitats. This was an expected result for the 12 year period bearing in mind that no observable disturbances occurred in these habitats. Increase in species number in the dune slack (from 11 to 15 species per combined plot) can be explained by natural succession from sparse vegetation to more closed vegetation as organic matter and nutrients accumulate and the edaphic environment becomes less extreme. The age of the dune slack was about 130-160 years (Eberhards and Saltupe, 2000) . Such a succession is in accordance with other investigations (Grootjans et al., 1991; Sýkora et al., 2004) . Species richness decreased in the beach community (from 21-24 to 16-18 species per combined plot) in response to anthropogenic disturbances, such as travelling by cars through the area, and natural processes (herb layer damage in storms). Species composition also indicated acidification of soil, a process documented in other dune systems (Sival et al., 1997; Ketner-Oostra and Sykora, 2000; Sykora et al., 2004) .
The Shannon-Wiener diversity index increased significantly in coastal grassland and fen, and decreased in dune and mesic forest. Neither increase nor decrease of the diversity index was accompanied by significant changes in species richness (although tendencies were the same). This means that the main changing component of diversity was evenness. It was expected that diversity will decrease in coastal grassland and fen as the traditional management has been ceased for several years. The normal course of succession in such conditions is overgrowing by shrubs with simultaneous decrease in vegetation diversity (Ellenberg, 1996) . Ellenberg indicator values showed xerophytisation of soil in both habitats, and encroachment of Cladium mariscus in fen, and mesophytic species like Agrostis tenuis and Festuca pratensis were outcompeting hygrophytic ones (e.g. Hydrocotyle vulgaris, Carex nigra) in grassland. The diversification of the herb layer is probably temporary in these habitats and species diversity may decline again in the course of succession. Decrease of species diversity in dune and mesic forest cannot be explained ecologically as too few species formed the herb layer (in total only seven species). Fluctuations of species diversity (not directional changes) in dry and mesic pine forests have been observed within the same period of time in western and central Latvia (Laiviòð et al., 2007) .
Species turnover is continuous, even in communities that are not undergoing directional change. The total number of species recorded at a given locality will rise with time (Preston, 1960; Magurran, 2007) . Cumulative species richness was quite similar to findings in other studies, and ranged from 16% to 147% in different habitats. Van den Maarel and Sykes (1993) reported that species number increased by about 30% in 2 m 2 in a six-year period in dry grassland. Chytrý et al. (2001) observed cumulative species richness in dry heathlands to increased by 170% from the initial number of species in highly disturbed heathland and by 60% in undisturbed heathland in an eight-year period. White et al. (2006) observed that species numbers almost doubled during ten years compared with the single-year species richness (similar tendency in different habitats and taxonomic groups). Cumulative species richness was higher in shallow soil (100%) than on deep soil (88%) in a dry grassland in Poland during a four-year period (Baba, 2004) .
Our results showed the same tendency as observed in the above mentioned studies -cumulative species richness was higher in dynamic habitats than in stable habitats. Beach (the most disturbed habitat) had the highest cumulative species richness followed by dune slack and coastal grassland, which experienced rapid changes in habitat conditions -overgrowing in grassland and overgrowing plus changes in moisture regime in the slack. Among other habitats, moist habitats had higher cumulative species richness (accumulation was above 50%) than dry and mesic habitats (accumulation was below 40%). Nevertheless, it cannot be concluded that moist habitats are more dynamic as vegetation composition showed changes in moisture regime (Ellenberg value for moisture decreased) in both mesic and moist habitats over 12 years, indicating successional changes in the moisture regime at the Nature Park scale. The data for the Lake Engure drainage basin show that for the last~80 years the increase of annual mean temperatures indicated warming, and the water level in Lake Engure was decreasing in the period from 1998 to 2006 (for about 40 cm) (Kïaviòð et al., 2011) .
Greater accumulation of species in moist habitats indicated that their vegetation reacted to changes in moisture regime much faster than in dry and mesic habitats. Temporal species turnover and species-time relationship results from local colonisation and extinction of species governed by fluctuations in environmental factors, dispersal limitation or succession (White and Gilchrist, 2007) .
High species turnover is observed mainly in dynamic situations -semi-natural vegetation or vegetation experiencing regular disturbances, e.g., dune and beach vegetation (Milberg and Hansson, 1993; van der Maarel and Sykes, 1993; White et al., 2006) . Climatic or edaphic climax vegetation normally has lower species turnover (but can be rather high at small scale (Pärtel and Zobel, 1995) ), which increases dramatically after severe disturbance, e.g. in burned heathlands (Chytrý et al., 2001) . Ecosystems dominated by annual growth forms and more plants with ruderal strategy show higher species turnover than those with perennial dominants and more stress-tolerators (Chytrý et al., 2001 , Krieger et al., 2003 . On the other hand geophytes and hemicryptophytes can persist in a plot only in root form (thus not encountered as existent in species counts in certain years) or can be short-lived and thus mobile (van der Maarel and Sykes, 1993) . Grassland vegetation can be with low turnover if species dominating the vegetation are slowgrowing and stable, like tussock-forming Festuca species in steppic grasslands (Baba, 2004) .
We found that high species turnover was associated not only with dynamic habitats but also with comparatively stable ones -moist forest, dune slack, and mesic forest. High turnover of moist forest and dune slack can be explained by changes in the environment which have led to successional changes in vegetation. Due to low total species diversity, the pattern observed in mesic forest may, however, be more influenced by stochastic factors than in moist forest and dune slack.
In general, species turnover amplitude (range of turnover index values in the same habitat over the same time span) decreased in all habitats with increasing time span, irrespective of habitat type. It was more than 20% in some habitats for the 1-2 year period, but less than 10% in all habitats for the 9-11 year period. This means that only with sufficiently long temporal gradient the character of temporal turnover of an ecosystem will appear. For example, the beach community experienced a turnover from 25% to 68% in 1-to 2-year period. Thus, the species mobility can be both very high and rather low in this habitat in the same time span, and we cannot predict the amplitude of change of this habitat for short periods. However, for longer time periods (in our case 9-11 years), the beach is a highly unstable habitat, as species composition changed by about 60% in a 10-year period. There are almost no data in the literature about the amplitude of turnover across different time spans, and therefore it was not possible to compare if this finding reflects the common pattern or is an exception. The data provided by Russell (1998) indicates that in bird communities this pattern can be inverted, or possibly the pattern depends on a time span. The range of turnover index was narrower in short time periods (1-5 years) and broader in longer time periods (up to 80 years).
There is a negative relationship between species richness and temporal turnover, i.e. the species-time relationship (STR) is less steep in more diverse habitats (White et al., 2006; Shurin, 2007) . Our data supports this finding only partly. The highest value of the STR exponent (0.41) was in the environmentally most variable habitat -beach, which had intermediate species richness, but the second highest STR exponent was in coastal grassland -the most species rich habitat. The most species poor habitats (mesic forest and dune forest) had the lowest STR exponent (0.07 and 0.08).
Vegetation dynamics.
The studied dabitats could be divided into two categories according to the patterns in vegetation dynamics -fluctuation and succession. Vegetation changes were assessed as fluctuations when changes were chaotic, similarity among first and subsequent years was not decreasing constantly, time was not an important gradient in DCA ordination and year did not correlate with any environmental factor, and also species turnover did not increase over larger time periods when compared with shorter ones. We classified vegetation dynamics as a succession when changes led to ever lesser similarity between years (Table 5) combined with high correlation of time (years) with Ellenberg values or species diversity parameters and increasing species turnover over time. Of course, if the monitoring was continued, successional changes can appear as a fluctuation if longer time periods are considered.
Vegetation dynamics in acidic grassland, dune slack, fen, and dune forest were interpreted as fluctuations. Species turnover in acidic grassland was increasing within longer time spans and vegetation changes indicated shifts in environment (increasing moisture and decreasing light). On the other hand, similarity between the first and subsequent years did not decrease continuously (2007 was the most similar to 1997). It seems that for about eight years vegetation changed directionally, but further on some environmental fluctuations reverted herb layer vegetation back to preceding conditions.
Regarding dune slack and fen, although species accumulation was high (100%), other parameters did not show clear successional changes. A large local species pool could be responsible for high species accumulation (van der Maarel and Sykes, 1993; Krieger et al., 2003) . The situation was similar in calcareous fen vegetation, which is very common in the Engure Nature Park, which contains a species rich flora (Auniòð et al., 2000; Gavrilova and Baroniòa, 2000) .
The species poor dune forest was stable with only small fluctuations in the herb layer.
Vegetation changes in moist forest, dry forest, and coastal grassland showed clear signs of succession. All parameters of moist forest showed directional changes. Similarity decreased significantly and continuously, the first axis of DCA ordination was closely correlated with time, and the species composition indicated decreases in moisture and light. Species turnover increased steadily and species accumulation was rather high. This could be induced by warming during the last 80 years and a decrease of water level starting from 1997 (Kïaviòð et al., 2011) .
It is not clear what will be the final stage of dry forest succession if the observed changes will continue. Although species composition changed continuously (similarity decreased steadily and DCA ordination showed correlation between time and species composition) no indication of shift in environment could be detected by Ellenberg indicator values. Species accumulation was low and turnover did not rise with increasing time. It is supposed that the observed changes disclosed intrinsic alteration of the herb layer community taking place during the ageing of the forest stand.
Coastal grassland is overgrowing and will turn into forest if not disturbed. Temporal species turnover and other parameters indicated that the grassland experienced a short flourishing period (increase in species diversity after reduced pressure of disturbances) after abandonment of mowing.
Vegetation dynamics of the beach community exhibited features of both succession and fluctuation. Most parameters were the highest in this habitat. Decreasing of similarity in species composition was very pronounced, DCA ordination revealed that the main explanatory variable of the change in species composition was time, Ellenberg indicator values indicated soil acidification, species accumulation was the highest, and species-time relationship was the steepest. Nevertheless, it was obvious that natural succession (vegetation development from sparse vegetation of white dunes to denser vegetation resembling grey dunes) was overlaid by anthropogenically induced fluctuations. Both processes created a pattern showing that along with decreasing similarity of vegetation, temporal turnover was variable.
